ABSTRACT: For most residents in northern temperate zones, the most direct economic impact of global climate change is likely to be changes in home heating and cooling (HC) expenses, estimates of which should be of widespread interest. These residents are increasingly likely to make HC decisions (e.g. switches to electric heat, thermostat settings, conservation investments and behavioral change) in a wider context. The question turns from 'will projected climate change reduce my HC bills?' to 'how will projected climate change, with and without these various actions, affect my HC bills, my total energy use and my greenhouse gas emissions?' We modeled these 3 variables (HC expense, energy use and GHG emissions) on average households in 13 states in the northeastern United States under projected climate change alone, and under projected climate change with 3 modeled choices: increasing use of air-conditioners (AC); switching from petroleum-derived fuels to electric heating; and investing in insulation and efficiency upgrades. High climate change was projected to reduce annual HC expenses for average households in each state, the effect increasing through the century. These savings varied with ratios of heating degree-day to cooling degree-day changes, and with ratios of petroleum-derivative heating to electric heating households; both ratios varied along a north-south gradient in this region. Increasing AC use increased total energy use and CO 2 emissions more than it did expenses. Fuel-switching increased the first 2 more than it reduced the third. Upgrades provided the greatest savings in all 3 variables under low and high climate change. Effective energy policies and effective communication with energy users both require require explicit investigation of HC intensities at the household level, and modeling of conservation behaviors as well as purchased upgrades.
INTRODUCTION
Of the various impacts of projected climate change in northern latitudes (e.g. Kovats & Ebi 2006 , Wu et al. 2007 , changes in home heating and cooling (HC) energy use are likely to directly affect the greatest number of residents. Given the growing awareness of both climate change and rising energy prices, it is likely that many northern inhabitants have come to think 'well, at least global warming will lower my heating bills!', and would be interested in seeing what research has to say on the matter. Several researchers have modeled the effect of projected climate change (CC) on residential heating and cooling energy use (CC > HC) at the aggregate level for US states (Belzer et al. 1996 , Sailor & Munoz 1997 , Sailor et al. 1998 , Sailor 2001 , Belzer & Cort 2004 , Amato et al. 2005 ) and entire countries (e.g. Rosenthal & Gruenspecht 1995 , Hadley et al. 2004 , Christenson et al. 2006 , Huang 2006 . While these findings can help energy providers and policymakers prepare for future demand more adequately and cost effectively, it is at the household level that CC > HC estimates are most relevant for consumer decisions.
Managers of households, owners and renters, may use these estimates in making decisions regarding investments in HC upgrades (better insulation, more efficient components), changes in everyday behaviors (e.g. thermostat settings, use of thermal curtains) and fuel-switching to cheaper energy sources. They may also be useful to those with a professional interest in the aggregate consequences of these household decisions. Staff in programs that assist or encourage households in reducing energy consumption, utility bills, greenhouse gas (GHG) emissions or air pollution may use them in determining the most effective way of allocating scarce public funds, and in public communication efforts (e.g. as part of web-based calculators).
Two features of CC/HC relationships suggest that consideration of these estimates may provide an important opportunity for public communication, building on consumers' initial curiosity (i.g. 'won't climate change lower my heating bills?'). First, if high CC reduces HC expenses for most households in northern latitudes, it would be a striking example of interregional asymmetries between responsibility for and impacts from CC. Researchers have found that populations that have contributed and continue to contribute most to climate change on a GHG per capita emissions basis are likely to receive relatively benign impacts from it, while its most seriously negative impacts (e.g. the worst droughts, heat-waves and flooding) are likely to hit those who have made and make considerably lower contributions to it (Muylaert et al. 2004 , Hohne & Blok 2005 , Mendelsohn et al. 2006 . That the former group is dramatically more affluent, on average, than the latter compounds the asymmetry.
Second, HC energy use has a uniquely reciprocal relationship with CC. While residential heating and cooling generate only 7% or so of total US GHG emission, they are, along with our use of private automobiles (17%) and other home electricity uses (9%, all percentages derived from EPA 2006), the 'contributions' over which individual households have the greatest direct control. There is some evidence that knowledge of the causes of climate change are an important predictor of willingness to act to reduce these contributions, even independent of perceived level of certainty about climate change or the seriousness of its effects (Bord et al. 2000 , O'Connor et al. 2002 .
As more people learn of these relationships, more are likely to become curious and concerned not only about the effects climate change on their HC expenses but also about the total energy used by and GHG emissions from their household heating and cooling and about ways they might reduce all 3. To be of greatest utility in householders' decision-making, a CC > HC model should include several behavioral options and estimate how they would affect these 3 impacts of concern (HC expense, energy use and GHG emissions). Here we model reasonable maximum climate change impacts on heating and cooling energy use over the rest of the century in the residential sector, at the level of the average household in each of 13 states in the northeastern US (ME, VT, NH, NY, MA, RI, CT, PA, WV, NJ, MD, DE and VA). We apply projected usages under high climate change to high energy price projections from the US Energy Information Administration (EIA), model climate change impacts on HC total energy and CO 2 emissions, and compare all 3 impacts to those entailed by 2 purposive behaviors of householders: switching from petroleum-derived heating fuels to lower-cost electric heat and HC upgrading in insulation and more efficient components.
METHODS
The amount of energy a household uses for heating (cooling) over a period of time is a product of how cold (hot) it has been over that period times how much energy it has taken to heat (cool) the household from that 'coldness' ('hotness').
1 The indicies of heating (cooling) degree-days (HDD and CDD) have been developed as precise measures of 'how hot (or cold) it has been'. These differ from a comfortable temperature: the 'balance point' or 'base temperature', conventionally 65°F (18.33°C); each degree deviation from the base is counted as 1 degree-day. They can be accumulated over to time, to give monthly or annual totals (Thom 1954 , Diaz & Quayle 1980 . Heating (cooling) intensity (HI and CI) are the amount of heating (cooling) energy consumed per HDD (CDD), determined by the volume of space that is heated or cooled, level of insulation and infiltration of thermal shell and ducts, efficiencies of furnace and air-conditioners, and behaviors affecting thermostat settings, windows, shades, etc.
Eq. (1) is a simple conceptual model from which we can identify factors that determine both the extent and valence of climate change impact on HC expenses, summarized in Table 1 .
where H is heating and E is electricity. Projecting any one of the variables out into the future is a highly uncertain undertaking; projecting their product might be considered a fool's errand. However, 20 1 While relative humidity and windiness also affect heating and cooling energy use, they have proved far more difficult to capture in global climate change models and were excluded from this analysis we are not attempting a prediction, but rather an estimated reasonable maximum impact from anthropogenic climate change. To this end we apply a high climate change series and a high price change series. We further simplify by holding all factors contributing to heating or cooling intensity constant, with one exception. Each is a complex phenomenon; projecting any over coming decades is likely to add to rather than reduce the overall uncertainty of our results. We model one aspect of intensity change that is highly likely to occur and has been independently modeled elsewhere: increasing ownership and use of air-conditioners (AC) as CDDs increase.
Climate change projections and degree-day calculations
Climate model output was obtained from the online data archive associated with the Intergovernmental Panel on Climate Change (IPCC) 2000 assessment report (Cubasch et al. 2001) . We used monthly temperature output for the period 1971-2100 from 7 global climate models (GCMs) run under the A2 and B2 GHG emission scenarios and processed as described in Najjar et al. (2007) . These scenarios were chosen because they were available for the greatest number of models and bracket the middle range of scenarios used for the 2000 assessment. To remove model bias in current-day temperature simulations, we added the model-predicted temperature change to the current observations. To estimate a reasonable maximum impact of climate change we use the temperature projections from emissions Scenario A2 (with the higher global GHG emissions rate) 2 and the average of the 2 GCMs with the highest projected degree-day changes for that scenario. These were CCSR (Center for Climate System Research) and CSIRO (Commonwealth Scientific and Industrial Research Organization) for heating degree-days and CCSR and HADC (Hadley Centre for Climate Prediction and Research) for cooling degree-days. We used the method of Thom (1954 Thom ( , 1966 , as modified by the National Climatic Data Center (2003), to compute degree-days. Input to the computation was the mean (projected) temperature for each future month (through 2099) and their long-term (observed) standard deviation at each of the 187 US Historical Climate Network (HCN) weather stations in the study region. Output was the number of heating and cooling degreedays for that month and station with respect to the standard base temperature of 65°F (18.3°C), as well as to base temperatures that varied with state and energy source, described below. Projected degree-days were first summed for each future year and then averaged across future decades. Population-weighted state averages were computed by averaging station degree-days by climate division and utilizing the fraction of the state population (based on the 2000 census) within each division. 
Estimating heating and cooling energy sensitivities to temperature
Elsewhere, Amato (2004) used a method developed by Belzer and colleagues (Belzer et al. 1996 , D. B. Belwer & K. A. Cort 2004 . He regressed the natural log of monthly natural gas, heating oil, and electricity usage over the previous 16 to 23 yr (depending on data availability) against contemporary degreedays, and did so iteratively, using degree-days calculated from a range of base temperatures at 1°F (ca. 17°C) intervals. For each state and energy source, the base whose degree-days displayed the highest correlation (R 2 ) with energy usage was selected as the appropriate base. 4 We used these base temperatures, together with the monthly temperature inputs just described, to calculate state-and energy source-specific HDDs and CDDs, and then entered these degreedays into statistical models (described in Amato 2004 , we divided this estimated usage per household by the fraction of households using heating oil, natural gas and electricity.
Modeling increased air-conditioner use
Sailor & Pavlova (2003) defined air-conditioner saturation (S) as the fraction of households in a region that own and use air-conditioners. Based on data from 40 US cities, they found
We multiplied our future cooling energy usage projections by the ratio of S for the future (S future ) to S for the present day (S 0 ), using Eq. (2). S future was computed using the projected CDDs and S 0 using CDDs for the year 2005.
Projecting energy prices
To estimate average current household heating expenses we took the residential retail energy prices for the most recent year available at the state level (EIA 2005a,b,c) . We obtained the percentage of households in each state using each of the energy sources as their primary heating fuel in 2005, multiplied the 2005 prices by these percentages, and summed these products for a total average heating price (in US dollars per mbtu or MJ). For cooling prices, we used the 2005 retail electricity prices, converted into dollars per mbtu or MJ. For future prices, we used the residential high price series of the US Energy Information Administration (EIA 2005d) for each major energy source. We averaged these prices over decades, calculated the average inter-decadal price change, and applied these projected changes to the 2005 base state prices over decades through the 2090s for a state-specific high price series. Projected prices were weighted by the percentage of households in each state using each as a primary heating source, and these products summed for projected total heating prices for each state.
Estimating total HC energy use and CO 2 emissions
Since roughly 3 units of energy are required to generate each unit of energy of electricity consumed, we multiplied projected on-site electricity usage by 3 to estimate total energy use for electricity. We obtained carbon dioxide emission rates for site-combusted heating fuels (in pounds per mbtu or MJ) (EPA Inventory 2006) and for average state electricity (EIA 2005e), amended by including an additional 6.5% energy lost in transmission. We multiplied these rates by our projected HC usages to estimate future GHG emissions.
Modeling fuel-switching and upgrades
We modeled fuel-switching from heating fuels to electric heat in 2 ways. In both we first identified in which future decade the projected price of each fuel rose above that of retail residential electricity in the high price series. In the first approach, we simply shifted the heating oil and liquid petroleum gas (LPG) btu or MJ to additional electric usage. However, each state had significant differences among the heating intensities of the 3 sources. So, in the second approach we multiplied the mbtu or MJ of the fuels in each future decade that met the price criteria by the ratio of their heating intensity to that of electricity. Selecting between the 2 is problematic: we do not know what portion of the HI differences is due to inherent differences between furnaces and electrical heating systems, and what portion is due to factors historically associated with homes employing these systems (e.g. age of building). We used the average of these 2 procedures and calculated impacts on HC expense, total usage, and GHG emissions accordingly.
To estimate impacts of HC upgrades, we consulted with modelers who have developed 2 of the most widely respected web-based home energy calculators (EPA's Energy Star Home Energy Yardstick and Lawrence Berkeley National Laboratory's Home Energy Saver), designed to estimate savings based on user inputs of usage, equipment, and building characteristics. Given the great variability of these parameters, averaging potential savings across the region is obviously problematic. The modelers' best guess was that a 'regional average' household could save 30% on combined on-site heating-and-cooling energy use through investments in insulation and more efficient HC com-ponents (e.g. furnaces and ACs). None of them included changes in everyday behaviors (e.g. thermostat settings) in their models or estimates. We multiplied our projected on-site usages by 0.70 and then recalculated HC expense, total usage, and GHG emissions accordingly. Sub-regional differences in these projected savings are clear and require an explanation. In Table 1 , we summarized the factors that determine the valence and extent of climate change impact on HC expenses. Table 2 shows the correlations of 1971-2000 population-weighted state-level normal temperatures with these factors.
RESULTS

HC expense savings from high climate change
Eq. (1) states that HC expense savings from climate change vary directly with rate of HDD decrease and inversely with the rate of CDD increase; both rates are projected to vary among the 13 states along a northsouth gradient. The average population-weighted normal temperature of a state has a strongly negative correlation (R 2 ) with the average projected inter-decadal decrease in HDDs over the coming 9 decades under high climate change (r 2 = -0.971, p = 0.000), and a strongly positive correlation with the average increase in CDDs (0.869, 0.000). Locales with baseline temperatures below indoor comfort levels will experience a greater portion of warming as a decrease in heating degree-days; those with baseline temperatures exceeding comfort levels will experience a greater portion as an increase in cooling degree-days.
HC expense savings from climate change also vary directly with heating intensity and inversely with cooling intensity (Eq. 1). We divided our estimated household usages for 2005 by the standard 65°F (16.8°C)-based degree-days of that year to estimate these indexes. State temperature normals have a strongly positive correlation with cooling intensity (r 2 = 0.925, p = 0.000) and a positive, but insignificant correlation with heating intensity (r 2 = 0.390). While households with colder winters in our region have had greater incentive to invest in insulation and heating efficiency, they have also inherited older housing stock and HC equipment. price (Eq. 1) and state temperature normals have a strongly negative correlation with projected interdecadal change in heating price (r 2 = -0.924, p = 0.000). This is because the normals are negatively correlated with the percentage of households heating with petroleum-based fuels (-0.906, 0.000), and these prices are projected to rise far faster than electricity prices. This conjunction of inherited patterns of home heating systems and energy markets is the third factor that increases the likelihood that state-average household HC savings from climate change will vary with latitude, at least in this region. Table 2 summarizes the correlations of 1970-1999 normals with factors determining climate change impacts on heating-plus-cooling expense. Table 3 presents raw projections of high climate change alone and with 3 actions (increased AC saturation, shift to lower-cost electric heating, and upgrades) on 3 HC variables of potential concern (expenses; total energy use, and CO 2 emissions). Table 4 fuel switching on the 3 variables of concern, averaged over 90 yr. Several patterns are worth noting. First, in each subregion and behavioral option, the climate changeinduced savings relative to present usage are greatest for HC expenses, less for CO 2 and least for total HC energy. In the Southern Tier high climate change increases both HC energy use and CO 2 emissions in each decade and for each non-upgrade behavioral option, despite expense savings increasing to 24% over the century. Greater non-expense costs of climate change in the Southern Tier are due to its greater use of electric heating and its greater use of coal for electricity generation (Fig. 3) . This is similar to findings of Huang (2006) and Hadley et al. (2006) . Second, while increasing AC saturation reduces expense savings only slightly and fuel switching increases them again, both of these behaviors reduce savings in CO 2 and total energy more dramatically. The exception to both is CO 2 in the Northern Tier. The portion of electricity generated from coal-burning in the Northern Tier is roughly one-seventh the portion in the Southern Tier, while the Northern Tier portion from nuclear and hydro is over 70% more than the Southern Tier portion. (EIA 2005f) .
Other impacts and behavioral alternatives
Finally, modeled upgrades entail the greatest savings in each of the 3 impacts of potential concern under both modeled high climate change and modeled low climate change. 2020s  37  35  33  36  33  29  38  34  20  saturation, and  2030s  38  35  31  37  32  27  39  33  18  conservation upgrades  2040s  44  40  33  41  35  24  45  37  14  2050s  50  46  37  46  38  25  50  41  14  2060s  52  48  38  46  38  23  52  41  12  2070s  57  53  40  50  39  19  57  43  6  2080s  59  54  39  50  36  10  58  41  -4  2090s  63  57  39  51  35  4  61 41 -11 
LIMITS TO THE ANALYSIS
Further research in each component will improve the accuracy of these projections. While it is unlikely that projections of relative humidity, windiness and cloud cover will improve sufficiently over the next few years to be included in these models, we should see progress in the evaluation of the GCMs in retrodicting temperature change. Improved modeling of temperature variation within months is critical in projecting future summer peak electricity demand, which will affect both usage and prices. Each year of aggregate state-level energy use data allows further refinement of the climate-sensitivity modeling pioneered by Belzer and his colleagues (1996) . While one of the authors built a model of dynamic sensitivities based on changes over the previous 23 yr (Amato 2004 ), we elected not to model future aggregate changes in HC intensities, a decision we address in our 'Discussion'. It is hard to imagine that significant progress will be made in projecting energy prices beyond a few weeks, given their high volatility. The number of variables in our model (degree-days, intensities, energy prices, percent of households heating with different fuels, composition of each state's residential electricity generation, GHG emission rates from these energy sources) as well as the number of states and decades, make a full sensitivity analysis beyond our present means. However, it is worth highlighting the relevance of changing rates in these variables for 2 findings most directly relevant to household HC decisions.
Is it worth investing in HC conservation upgrades?
The primary household decision affected by the research is whether to make HC upgrade investments in a context of climate change, i.e. 'if projected climate change is likely to reduce my heating bills, is it (still) worth making investments in conservation upgrades?' Since we ran our models, one variable has shown dramatic change. The price per gallon (ca. 3.78 l) of heating oil in the region increased over 3-fold between the winter of 1997-1998 and the winter of [2007] [2008] . If this rate of increase were sustained over the next couple of decades, the 'high' price projections of the US Energy Information Agency would significantly undershoot the mark, as would our estimates of average annual savings from projected high climate change based on them.
However, Eq. (1) states that heating energy price increases affect household heating expense via both changes in HDD and changes in HI. These mediators of heating price affect household upgrade investment decisions in opposite directions. On the one hand, increasing heating energy prices increase the heatingexpense savings from each climate-change driven reduction in HDD, thereby reducing the incentive to initiate upgrade investments. At the same time, increasing heating energy prices increase the heatingexpense savings from each upgrade reduction in heating intensity, increasing the incentive to initiate these investments. The critical question in determining the impact of heating-price increases on upgrade decisions is the relative size of these 2 other rates of change: HDD vs. heating intensity. Our estimates are that the percent decreases in heating usage from projected high climate change over the next 2 or 3 decades, at a sub-regional and decadal average annual, will only reach 13% in the 2030s: significantly lower than the HC usage savings experts estimate are achievable by upgrade investments made in a year or two (30%). As these investments will provide both greater and more rapid HC expense savings than 'waiting for global warming to lower my utility bills', they continue to make good sense in the face of climate change. How robust is this conclusion if variables change at rates beyond those modeled here? Table 5 summarizes decadal average annual savings in heating expenses from upgrade investments for the average household in Maine, the state with the highest estimated average household HC expense savings from high climate change, over the next 3 decades. Three factors are varied: climate change (our modeled low and high); heating energy price change (our extrapolation of EIA 'high price' series, a 200% per decade increase and a 300% per decade increase); and usage reductions from conservation upgrades (our modeled 30% as well as 20 and 40%).
Through the 2030s, changing from low to high climate change reduces these savings very little: a maximum of 6% in the 2030s. However, changing the rates of heating price increase from our extrapolated EIA rate to a doubling per decade increases upgrade savings nearly 4-fold, and changing it to a trebling per decade increases these savings nearly 16-fold. Reducing upgrade percent usage reductions from our modeled 30% down to 20% reduces heating expense savings by 33%. Although this is a significant decrease, with a minimum annual savings of between $200 and $300 (high climate change, modeled price change), upgrade investments will still pay for themselves within a few years. The higher the rate of heating energy price increase, the greater the impact of differences in upgrade usage-reduction differences on expense savings.
Should I switch to lower-priced electric heat?
The second household decision potentially affected by our findings is whether to switch from on-site heating fuel to lower-cost electric heat. Our research finds that this switch will have widely varying impacts on total HC expenses (from 2% over the next decade in southernmost states to over 60% at century's end, in northermost states), and will, at the same time entail consistently lower savings, and in many cases, increases (of up to 40%), in both total HC energy used and in their GHG emissions. How robust are these findings?
The faster the rate of price increase in heating oil, LPG and natural gas (NG) relative to residential electricity (in dollars per on-site btu), the greater the expense savings from fuel-switching, and the sooner it will be financially attractive, especially for those with high heating usages (through high HDDs and/or high heating intensity). Because the energy lost in electricity generation and transmission is accepted as an engineering given, the increases in total energy usage (as opposed to on-site) would remain in effect regardless of the fuels used to generate electricity. On the other hand, GHG emissions estimates are clearly affected by changes in the energy sources tapped to generate electricity. Any shift from oil, NG and especially coal combustion towards nuclear, hydro, solar or wind would reduce GHG emissions from electricity, and therefore the emissions entailed by shifting to electric heat. Such shifts in the sources of electricity may be profoundly affected by policy decisions and difficult to predict. Whatever the future mixes of electricity, a larger message is valid: switching from onsite heating fuel to electric heat has resource and environmental impacts that deserve greater attention and consideration.
Financial crisis and economic recession
The current financial crisis, as well as the preceding economic downturn, which it may well exacerbate, have diminished the prospects for employment, purchasing power, and credit for the majority in this the Northeastern US. This is likely to affect the implications of our modeled results in 4 ways. First, it is likely to increase the fiscal importance of climate-changedriven HC expense savings to households. Second, it is likely to make switching from home heating oil and LPG to lower cost electric heat attractive to more households and earlier. Third, while it is likely to increase the fiscal importance of HC expense savings resulting from conservation, it also likely to increase the financial barriers to initiate those measures requiring investments of money, i.e. the upgrades modeled here.
Projecting temperature and energy price changes will remain highly uncertain endeavors. However, several relationships in these projections are likely to be valid regardless of changes in these projections. First, CC > HC expense savings at the state-average household level will vary inversely with historic temperature normals (i.e. directly with degrees latitude), because the colder the locale, the greater the portion of temperature increase that will be experienced as a decrease in HDDs, the smaller the portion as an increase in CDDs. Second, climate change will provide greater savings in HC expenses than in total energy or in CO 2 emissions because (1) electricity prices are likely to rise less than petroleum prices; (2) the 3-fold difference between net and total energy pertains only to electricity, the sole source for cooling but only a partial source for heating; and (3) coal is likely to remain an important source of electricity in the region, and to have higher CO 2 emission rates than other sources. Third, it is likely that petroleum-based fuel prices will increase significantly more than HDDs will decrease over the next 3 decades.
DISCUSSION
The primary implications of these likely more robust projections are as follows: (1) households in northern states will receive the greatest financial benefits from climate change; (2) utility bills will not reflect the energy and GHG costs of these impacts; (3) climate change-driven savings on all 3 impacts of potential concern (HC expense, total usage, and CO 2 emissions) will be least, and those from upgrade investments will be most, over the next 2 or 3 decades.
Heating and cooling intensities (HI and CI) directly affect all 3 variables of potential concern and, unlike changes in energy prices and global climate change, they are variables over which individuals can exercise significant direct control. In mediating between daily behaviors and energy use and impacts, they parallel the measure of miles-per-gallon, but include a greater range of behavioral influences. They deserve wider attention. Their pivotal status leads us to consider the wisdom of including their aggregate projections in CC > HC models. What is a householder to make of projected aggregate changes in HI and CI over future decades, similar to forecasts of changes in temperature and price? If these intensity projections show significant reductions (increased efficiency), then there is little perceived incentive for upgrade investments and/or behavioral change. If they show an insignificant increase, there appears to be little hope for these changes. We provide clearer and more useful decisionmaking tools if we hold present intensities constant (insuring that they are as current and accurate as possible) in models of projected temperature and price change, and then model the impacts of several specific choices affecting these intensities that the household can make over the near future.
Inter-household differences in HI and CI are a key research frontier. A knowledge of these differences can help guide programs of energy conservation: the greatest gains from upgrades will be in those households with especially high HI or CI. There is likely to be an inverse correlation between household income and HI: lower income households are more likely to live in older buildings that have experienced minimal retrofits, and a considerable portion are comprised of seniors, who tend to set their thermostats higher than younger neighbors (Liao & Chang 2002) . The only factor in HI or CI that is likely to be inversely proportional to income is the size of the home. Low-income households in more northern locales, especially those comprised of older people are likely to face (1) the largest raw savings from climate change, (2) the greatest fiscal importance of these savings, and (3) the greatest barriers to achieving significant upgrades via investments of money and/or labor. HC intensity research is also critical in further development of web-based decision-tools for resident use. We need to know both the costs and the intensityreduction benefits of HC upgrades in homes with different baseline HC intensities and features to model the combined effects of degree-day and price changes on payback periods. It is worth recalling that the experts who estimated a 30% HC usage reduction resulting from conservation efforts included only investments in insulation and components and specifically excluded all other behavioral changes, e.g. thermostat settings, use of thermal curtains, windows, doors and shades. They all said that assuring strict compliance to daily behaviors, necessary for research on their impacts, was too difficult. The value of knowing the effects of energy behavior, however, argues for greater efforts here.
CONCLUSIONS
A common folk-theory, at least in the United States, is that the majority of household energy comsumers will only initiate significant efforts to mitigate environmental problems -including anthropogenic climate change -if and when the impacts of these problems on their own lives become so dire that they are 'forced' to do so. The case of CC > HC impacts in northern latitudes challenges this view. Households are likely to receive financial benefits from a process to which they have contributed disproportionately and which is likely to degrade the health and livelihoods of many people in other regions and many species. Public communication of CC > HC projections should take this challenge to a common folk theory as an opportunity. On their own, prices do not reflect full costs. On its own, the market does not avoid harm, or assign or accept responsibility. Only people, through conscious deliberation and with adequate knowledge, can do this. Residential heating and cooling energy use is at once a domain of climate change impact and a domain of climate change responsibility. In both of these directions of influence, it occupies a place close to home. Good research, well communicated, would allow households to discuss and address an ancient and intimate concern -keeping the ones closest to us adequately sheltered -alongside a recent and global one: the mitigation of anthropogenic climate change. 
